Background: Emerging evidence suggests that body weight misperception may be associated with psychological distress among people in developed countries. Participating in physical activity (PA) may negate the association between weight misperception and psychological distress given the well-known benefits of PA on psychological health. This study examined the role of PA in associations between body weight misperception and psychological distress among young South Korean adults. Among individuals who did not meet the recommended vigorous-intensity PA (≥ 20 min/session and ≥ 3 day/week), body weight over-perception was associated with depressed mood (OR = 1.71, 95% CI = 1.19, 2.46) compared to the accurate-perception group. However, no association was observed among those who met the recommended vigorous-intensity PA (OR = 1.52, 95% CI = 0.45, 5.22). Similar patterns were found among physically active versus inactive individuals (recommended walking not met: OR = 2.02, 95% CI = 1.29, 3.15; recommended walking met: OR = 1.28, 95% CI = 0.66, 2.49; muscular strengthening exercises for < 2 day/ week: OR = 1.74, 95% CI = 1.21, 2.51; muscular strengthening exercises for ≥ 2 day/week: OR = 1.38, 95% CI = 0.37, 5.14). No relationship existed between body weight over-perception and depressed mood after adjusting for PA. Conclusions: Participating in regular PA may buffer a potential negative impact of body weight over-perception on depressive mood.
Background
The physical co-morbidities associated with obesity are well known (e.g., type 2 diabetes mellitus, cardiovascular disease, dyslipidemia, hypertension) [1, 2] , yet the relationship between obesity and psychological health is still not fully understood. Some previous studies found that obesity is related to increased psychological distress with inconsistent results by gender [3] and/or the degree of obesity [4, 5] , while others have found no [6] or protective association [7] . It may be that body image or perception of body weight, rather than actual body weight, is more strongly associated with psychological distress. This is, in part, evidenced by accumulating research with different population groups. For example, body weight misperception (i.e., discrepancy between individual perceptions of weight status and actual weight status based on clinical definitions of weight) [8] has been reported among individuals who are and are not affected by obesity and may be associated with various forms of psychological distress including stressed feelings, depressive mood, and suicidal ideation [8] [9] [10] . Recent studies with South Korean adults suggest that body weight misperception, over-perception (i.e., overperceiving actual weight status) in particular, is associated with psychological distress including severe stress and depressed mood in women [11] [12] [13] , and suicidal ideation in both genders [14, 15] .
Body weight perception reflects sociocultural aspects of desired body size, which change over time [16, 17] . In South Korea, being plump was traditionally considered the ideal body type, since it exemplified good health, wealth, and high social class [17] . However, rapid westernization of the country since the 1970s has led to changes in sociocultural norms of the ideal body type from plump to slender. This shift in ideal body type influences young South Korean adults to under-estimate or over-estimate their body weight and to subsequently engage in unhealthy behaviours in attempting to control their weight due to social desirability [17] [18] [19] [20] . For example, in a study examining body image and weight control practices among university students from 22 countries, 43% of South Korean female participants perceived themselves as overweight and 77% were attempting to lose weight, while the mean body mass index (BMI) score (19.3 kg/m 2 ) was the lowest in the study [20] . Also, though body weight over-perception (14%) and weight control attempts (23%) were less severe in young South Korean males compared to their female counterparts, the proportion of South Korean males who try to lose weight was high relative to their male counterparts in different countries (8 th ) , while their mean BMI score (20.7 kg/m 2 ) was the second lowest among the 22 countries [20] .
In South Korea, the prevalence of weight misperception appears to be elevated in young adults relative to older adults [11, 17] . Though the existing research has primarily focused on women, body weight under-perception is prevalent in young male adults aged 20 to 39 years and they were most likely to attempt to maintain or gain weight compared to all other age groups [17] . Furthermore, among adolescents, males who underestimate and females who overestimate their body weight were more likely to report depressed feelings than those with accurate body weight perception [21] . These results suggest that body weight misperception is a weight-related issue that is not mutually exclusive to women. In addition, though patterns may vary by gender, body weight misperception is associated with psychological distress [15, 17, 21] . Therefore, it is important to include both genders when exploring the relationship between body weight misperception and psychological distress.
In contrast to body weight misperception, which appears to have negative effects on psychological health, physical activity (PA) is positively associated with improved mood and health-related quality of life, as well as decreased levels of stress, depression, and anxiety [21, 22] . To achieve health benefits, the World Health Organization's global PA guidelines recommend that adults should engage in a minimum of 150 min per week of moderate-intensity PA [23] . Given the well-established benefits of PA on psychological health, it is possible that individuals meeting PA guidelines are protected from developing psychological distress even if they misperceive their weight. However, a potential role of meeting PA guidelines on the association between body weight misperception and psychological distress has not yet been determined.
Therefore, the primary purpose of this study was to determine whether engaging in sufficient levels of PA (i.e., meeting vs. not meeting the PA guidelines) modifies the association between body weight misperception and psychological distress in a nationally representative sample of young South Korean adults. If PA was found to moderate the relationship between misperception and psychological distress, the secondary purposes were to investigate: 1) the associations between body weight misperception and psychological distress stratified by PA (i.e., meeting or not meeting the PA guidelines), and 2) the associations between body weight misperception and psychological distress after adjusting for PA to determine if the latter served as a confounder.
Methods

Study design and population
This study was conducted using data obtained from the 2010-2012 Korean National Health and Nutrition Examination Survey (KNHANES-V), an annual survey conducted by the Korea Centre for Disease Control and Prevention (KCDC). Young South Korean adults (n = 7740) aged 20 to 39 were included in the analysis. The KNHANES is a cross-sectional, nationally representative survey of the Korean population using a stratified, multistage probability sampling design for the selection of residence based on age, gender, and 13 metropolitan and non-metropolitan geographic locations. It includes a physical health examination and three self-report questionnaires (i.e., Health Behavior, Health Interview, and Nutrition) [24] . Detailed information about the survey is described elsewhere [24] . Among those who participated in the survey, 6055 young adults (45.1% female) were included in the analysis after excluding individuals who felt physical pain or discomfort due to chronic/acute diseases or accidents over the previous two weeks (n = 976) and those with missing data (n = 709; 9.2%). No significant differences existed in the distribution of age and gender before and after exclusions (p > 0.05). Identifying information was removed when the KCDC released the data [25] .
Measures
Body weight misperception
Body weight misperception was defined as a mismatch between an individual's measured weight status based on BMI and self-reported weight status. Based on the objectively measured weight (kilograms [kg] ) and height (meters [m]), BMI (kg/m 2 ) scores for all respondents were calculated. The Asia Pacific Islanders BMI cut-offs recommended by the World Health Organization, International Obesity Task Force, and Korean Society of the Study of Obesity were used to determine actual body weight status [26, 27] . In this study, BMI cut-offs are: underweight (BMI < 18.50); normal weight (BMI 18.50-22.99); overweight (BMI 23.00-24.99); and obese (BMI ≥ 25). Perceived body weight was assessed using the multiple choice question, 'What do you think about your body?' with the possible answers, 'very underweight' , 'slightly underweight' , 'normal' , 'slightly overweight' , and 'very overweight'. Perceived body weight status was re-categorized into four groups: very thin/slightly thin (combined due to low frequencies), normal, slightly fat, and very fat. Body weight under-perception occurred when participants reported their body weight being: 1) thin but their BMI placed them in the normal or overweight category, and 2) normal weight but their BMI placed them in the overweight category. Body weight over-perception occurred when participants reported their body weight being: 1) normal or overweight but their BMI placed them in the underweight category, or 2) slightly or very fat but their BMI placed them in the normal weight category. Respondents with consistency between actual and perceived body size were categorized as the accurate body weight perception group.
Psychological distress
Three dimensions of psychological distress were assessed with questions about stress, depressed mood, and suicidal ideation. To measure stress, participants were asked to rate their level of daily stress on a four-point scale, which was then dichotomized to reflect 'low stress' for the responses 'rarely feel stressed' and 'a little bit stressed' , and 'high stress' for the responses 'feel quite stressed' or 'feel extremely stressed.' Depressed mood was measured by asking participants whether they felt depressed for two consecutive weeks. Finally, suicidal ideation was measured by asking participants whether they had thought about committing suicide during the past year. The possible responses for depressed mood and suicidal ideation were 'yes' or 'no'. These measures were reported as predictors of psychological distress in previous studies [11, 13, 14, 28] .
Physical activity (PA)
The International Physical Activity Questionnaire (IPAQ) was used to measure PA [29] . Participants were asked how many days over the course of the previous seven days had they engaged in: vigorous-intensity PA (VPA) for more than 10 min; moderate-intensity PA (MPA), which excluded walking, for more than 10 min; walking for more than 10 min; and muscle strengthening exercises (MSE).
Participants were also asked to indicate how long per day (hours and minutes) they had engaged in each type of PA. Responses were scaled from 1 (no participation at all) to 8 (7 day/week) for VPA, MPA, and walking. In this study, PA and physical inactivity were determined based on the reported VPA, MPA, and walking generated by the KNHANES. Specifically, meeting the recommended levels of VPA, MPA, and walking were defined as: a) participated in VPA ≥ 30 min/session for ≥ 3 day/week; b) participated in MPA ≥ 30 min/session for ≥ 5 day/week; and c) participated in walking ≥ 30 min/session for ≥ 5 day/week, respectively. Those who did not meet the recommended levels of VPA, MPA, and walking were coded as '0.' MSE was initially scored from 1 (no participation) to 4 (≥ 5 day/week), but was re-categorized into '0 (< 2 day/week)' and '1 (≥ 2 day/week)' because some categories had low frequency. Furthermore, one overall PA variable was generated based on the VPA, MPA, walking, and MSE variables. Specifically, the binary overall PA variable was coded as '1 (meeting any type of PA recommendations)' and '0 (not meeting any type of PA recommendations).
Covariates
Socioeconomic, demographic, and lifestyle variables were included as covariates. Socioeconomic variables were equivalized household income, education, and employment status. Monthly equivalized household income was categorized by quartile. Educational attainment was categorized into elementary or less (≤ 6 years), middle school (7-9 years), high school (10-12 years), and college and above (≥ 13 years), then re-categorized into two groups for the analyses: high school graduate or less and post-secondary graduate or more. Employment status was categorized as employed and unemployed, where unemployed included students and housewives. Demographic variables included age, gender, marital status and area of residence. Marital status was categorized as never married, married and living with a spouse, and previously married (i.e., divorced, separation by death, or other). Area of residence was divided into Metro Seoul (Seoul, Incheon metropolitan cities, and Gyeonggi province) and Non-Metro Seoul, since social and health inequalities between these two regions have been reported [30] . Lifestyle covariates included SelfRated Health (SRH), smoking, and alcohol consumption. SRH was categorized as good, fair, and bad. Smoking was categorized as currently smoking or not. With respect to alcohol consumption, participants were classified into high and low risk groups based on guidelines provided by KNHANES (high risk was defined as ≥ seven cups at a single event and ≥ twice a week for males, and ≥ five cups at a single event and ≥ twice a week for females) [25] .
Statistical analyses
Population weights provided by KNHANES were applied to all analyses to account for the complex survey design. Descriptive statistics were calculated to estimate means and standard deviations, or percentages. Main and moderating effects of body weight misperception and PA on psychological distress (i.e., stressed feelings, depressive mood, and suicidal ideation) were examined by entering separate interaction terms to logistic regression models [31] . Significant interaction terms would indicate a moderating effect of PA on the relationship between body weight misperception and psychological distress and justify stratifying the analyses by PA. Logistic regressions were then performed for individuals who met the recommended level of VPA, MPA, and walking versus individuals who did not; and who participated in MSE for ≥ 2 day/week vs. < 2 day/week. No adjustments were made for these analyses. Finally, multiple logistic regression models were also conducted to examine the associations between body weight misperception and psychological distress before (unadjusted) and after adjusting for covariates (Models 1-3) and PA (Model 4). Model 1 accounted for age and gender; Model 2 adjusted for age, gender, household income, education level, employment status, marital status, and area of residence; Model 3 additionally adjusted for SRH, smoking, and alcohol consumption. Finally, Model 4 adjusted for all covariates and PA levels. For the final regression model, PA was dichotomized as meeting any of PA guidelines versus not meeting any. Of note, a series of logistic regression analyses were conducted with the inclusion of two-way interaction terms in the models to test whether the relationships between body weight misperception and psychological distress vary between males and females. However, no significant gender-byweight misperception interactions were observed; thus, gender-stratified analyses were not conducted. The results were reported as odds ratios (OR) and 95% confidence intervals (95% CI). All analyses were completed using SAS version 9.4 with an alpha level of 0.05.
Results
Demographic characteristics of the study sample and by gender are presented in Table 1 . Over one quarter (27.1%) of participants were categorized as obese (35.9% of males and 17.1% of females). A total of 47.0% of men and 37.7% of women reported being healthy. Over half the sample misperceived their body weight (51.1%), with more inaccurate perceptions among men (67.8%) than women (32.0%). The proportion of the sample underperceiving their body weight was higher among men (66.9%) than women (16.3%), whereas the proportion over-perceiving their body weight was higher among women (15.6%) compared to men (0.8%). With respect to psychological distress, 27.8% of men and 34.4% of women reported feeling stressed, 6.8% of men and 12.7% of women reported feeling depressed, and 6.5% of men and 16% of women reported considering suicide in the past year.
The main and moderation effects of body weight misperception and PA on three psychological distress measures are shown in Table 2 . Body weight under-perception was associated with a lower likelihood of reporting depressed mood (OR = 0.50; 95% CI = 0.34, 0.74) and suicidal ideation (OR = 0.48, 95% CI = 0.36, 0.63). However, no moderation effect existed for the association between body weight under-perception and any of the three markers of psychological distress. Body weight overperception was associated with a higher likelihood of depressed mood (OR = 2.69, 95% CI = 1.96, 3.69). PA participation (i.e., meeting PA recommendations) was found to modify the relationship between body weight over-perception and depressed mood (OR = 0.55; 95% CI = 0.34, 0.89). No other main or interaction effects existed.
The associations between body weight misperception and depressed mood by PA strata (active vs. inactive) are shown in Table 3 Among physically active individuals, no association existed between body weight over-perception and depressed mood except for those who met the recommended However, among those who participated in MSE for ≥ 2 day/week, no association was observed between body weight over-perception and depressed mood (OR = 1.38, 95% CI = 0.37, 5.14). The associations of body weight over-perception with depressed mood before and after adjusting for covariates are shown in Table 4 (referent group: accurate body weight perception). Before entering covariates (unadjusted), individuals over-perceiving their body weight showed increased odds of depressed mood (OR = 1.68, 95% CI = 1.19, 2.39) compared to their accurate perception counterparts. After adjusting for age and gender (Model 1), individuals overperceiving their body weight were still more likely to report feeling depressed (OR = 1.48, 95% CI = 1.04, 2.13) than those who accurately perceived their body weight. After adjusting for age, gender, household income, education levels, employment status, marital status, and area of residence (Model 2), body weight over-perception was associated with higher odds for depressed feeling (OR = 1.50, 95% CI = 1.04, 2.17). The association between body weight over-perception and depressed mood remained significant even after further adjusting for SRH, smoking, and alcohol consumption (Model 3; OR = 1.45, 95% CI = 1.01, 2.10). However, the association between body weight overperception and depressed mood became insignificant when PA was entered in the final model (Model 4), which indicates the confounding effect of PA on this relationship.
Discussion
This study demonstrated that there are associations between body weight over-perception and three dimensions of psychological distress, namely depressive mood, stress, and suicidal ideation, among young South Korean adults. In addition to showing a main effect of body weight over-perception on psychological distress, we also identified a modifying role of PA on the association between body weight over-perception and depressive mood. That is, the association remained significant for inactive individuals, but became insignificant for those High-risk drinking: ≥ 7 cups/occasion and ≥ twice/week for men; ≥ 5 cups/occasion and ≥ twice/week for women [23] who engaged in sufficient levels of PA; indicating that engaging in PA may buffer against depressive mood among those who over-perceive their body weight. Participating in sufficient levels of PA may negate the potential negative influence of body weight overperception on depressive mood. This makes sense given the well-established positive relationship between PA and psychological health [21, 22] . Future research examining the associations between body weight misperception and psychological health among the young adult population in South Korea should consider PA as an important effect modifier. Our study also found that PA is a confounder on the association between body weight over-perception and depressed mood among young South Korean adults. This indicates that PA is associated with body-weight over perception, and an independent risk factor for depressed mood. This is another key finding of this study, since most other studies on this population have not taken into account PA. In one previous study examining the association between depressed mood and weight over-perception among South Korean women aged 20 to 34 years, the association became null after adjusting for PA [11] . Combined, PA should be included as a covariate when examining the relationship between body weight misperception and psychological distress in future research.
This study showed that PA is an effect modifier and a confounder on the association between body weight over-perception and depressed mood. While confounding is associated with both exposure and outcome, effect modification indicates the changes in magnitude of the effect of an exposure on an outcome by different levels of a third variable [32] . Though effect modification is distinct from confounding, dealing with the confounding or modifying effect of a third variable include either stratifying or adjusting for the third variable. As such, future research examining the relationship between body weight misperception and psychological distress among young South Korean adults should take PA into consideration to avoid spurious findings. These include stratifying analysis by or at least adjusting for different PA levels.
The findings related to suicidal ideation and stress are also consistent with previous studies that have suggested a potential association between weight over-perception and suicidal ideation in South Korean adults [14, 15] . In addition, a study conducted among South Korean adolescents found that a significant association between BMI and suicidal ideation was eliminated by including body weight perception, indicating a mediating effect, but no interaction effect of body weight over-perception and PA on suicidal ideation existed [33] . Similarly, an association existed between body weight over-perception and stress but no interaction effect of body weight overperception and PA on stress was observed [15] . Though many factors are known to influence suicidal ideation and stress (e.g., demographics, health status, and health behaviours), body weight over-perception may be a prominent antecedent of such psychological distress regardless of PA levels. In another study, the association between high stress and body weight misperception sustained even after controlling for PA among South Korean women aged 20 to 64 years [11] . But, the association disappeared when other factors (i.e., SRH, depressed mood, suicide ideation) were further adjusted [11] . Clearly, more research with rigorous study design (e.g., longitudinal, experimental) is required to determine the association between body weight misperception and psychological distress. Unlike body weight over-perception, body weight under-perception was associated with lower odds of stressed feeling, depressed mood, and suicidal ideation among young South Korean adults. In addition, body weight under-perception was consistently associated with lower odds of depressed mood even when analyses were stratified by PA levels (i.e., active vs. inactive). The contemporary ideal body type (i.e., being slender) and corresponding social desirability may play a part in reducing or eliminating weight-related psychological issues among those who under-perceive their body weight [17] [18] [19] [20] . Furthermore, given that the adverse association between body weight underperception and depressed mood became null after adjusting for SRH, smoking, and high risk drinking, these variables may be more relevant to psychological distress, than PA, among individuals with body weight under-perception.
A main strength of this study is its large, nationally representative sample of young South Korean adults, along with a complex sampling technique to obtain an accurate depiction of the South Korean population. Also, we were able to directly measure height and weight, which provided reliable BMI. Additionally, the inclusion of males in the analysis allowed a more comprehensive assessment. Several studies conducted in South Korea have only examined the relationship between body weight misperception and psychological distress among women because they are considered an "at-risk population" on weight-related psychological issues [11, 18] . Our findings show that the relationship between body weight over-perception and depressive mood remained significant after adjusting for gender, indicating that males should not be excluded from future studies. Finally, this study considered an individual's perception of his/her body weight rather than actual weight, which may have a larger role in psychological health.
Still, there are some limitations to report. The crosssectional design does not allow for identifying whether body weight perception occurred before psychological distress, therefore causal inference is not possible. However, our research question has intuitive appeal. This limitation has been identified in most studies investigating the relationship between body weight perception and psychological distress. Future research should employ longitudinal designs to better understand this relationship and the factors affecting it. Furthermore, there are drawbacks to relying on self-reported PA and psychological distress. Although the IPAQ is a reliable tool [29] , individuals may still over-report their PA levels [34] . Also, psychological distress was determined from only a few simple questions rather than an in-depth psychological analysis. These self-reported answers may have been subject to social desirability bias, especially given the widespread stigmatization of mental illness in Asian countries [35] . That being said, it would not have been feasible to administer comprehensive psychological tests via self-report, but we acknowledge that dichotomizing the measures of psychological distress likely oversimplified a complex phenomenon. Lastly, we used the single-item measured body weight perception variable and BMI to generate body weight misperception. In previous literature, body weight misperception has been used interchangeably with body size misperception, body image distortion, misclassification of one's weight and/or subjective body image misperception (e.g., [10-15, 36, 37] ). It will be informative for future research to theoretically distinguish these terms and define how they each can be conceptualized and operationalized.
